A cross-sectional representative sample of 1722 sonographers and vascular technologists was analyzed using quantitative/qualitative methods to reveal that 60% are experiencing wrist-hand-finger discomfort, believed to be from work-related repetitive injury. The years of scanning accumulated by the participants was chosen as a variable to determine the relationship to the range of discomforts reported. A strong statistical correlation was noted between years of experience and the side of discomfort as well as the severity of hand-wrist-finger discomfort. In this study, a strong statistical association was also noted between increasing years of scanning and decreasing aggravation due to the transducer. A complete linkage between work-related exposure and hand-wrist-finger discomfort is difficult to make because of the contribution of leisure-time activities. A controlled experimental study is needed to determine the contribution that grip and pushing on the transducer may have on the incidence of hand-wrist-finger discomfort, leading to diagnoses such as carpal tunnel syndrome.
As has been previously reported, a representative sample of diagnostic medical sonographers and vascular technologists reported that 90% are experiencing discomfort while completing sonography examinations. 1 This represents a potential increase in reports of physical pain compared with previous studies of this typology completed in the 1990s. [2] [3] [4] [5] [6] [7] However, because work-related musculoskeletal disorders (WRMSDs) tend to be reported in terms of the frequency per occupational workers, obtaining data at specific anatomical sites may have greater impact. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Diagnostic medical sonographers (DMSs) and vascular technologists (VTs) make use of high-frequency transducers to conduct medical imaging examinations of the human body to collect screening and diagnostic information. 17 Therefore, it is of particular interest to determine to what extent the use and manipulation of the transducer contribute to pain in these occupational workers. Pike et al. 2 provided limited survey information relative to pain at this level, with his cohort reporting 65% of pain in the wrist and 61% in the hand-finger from manipulating the transducer (N = 793).
Evaluating the relationship between exposure and WRMSD is extremely difficult, as insults to the wrist/ hand can be acute or chronic as well as having occurred on the job or at home. Because it is challenging to control all exposures to WRMSDs, survey research and observational studies are presently the main method for collecting data information. 18 With extensive data available from a large survey of DMSs and VTs who were asked to provide detailed information about WRMSD, 1 a further analysis of the data set was deemed appropriate to answer a more discrete research question: What factors contribute to WRMSDs in DMSs and VTs who report pain in the area of the wrist-hand-finger?
Materials and Methods
Evans et al. 1 provided a representative cohort study that used an amended version of the Health Benefit Trust (HBT) survey instrument. The survey was revised and refreshed to properly reflect current sonographic practice. The original HBT has 125 questions in five sections 2 :
1. Demographic variables 2. Self-reports of musculoskeletal (MSK) symptoms 3. Work scheduling and tasks 4. Work equipment 5. Work environment characteristics
The frame of participants, used for the survey research effort, included a randomly selected sample from the American Registry of Diagnostic Medical Sonographers (ARDMS), which had a population of 53,963 registrants as of November 30, 2007. The random selection provided a subset of 3000 diagnostic medical sonographers, cardiac sonographers, and vascular technologists practicing in the United States and Canada. In addition, a vendor list, from Sound Ergonomics LLC, was added to the frame and resulted in a total frame of 5000 respondents used for this study. The DMSs and VTs were sent an e-mail invitation to complete the amended HBT survey, hosted on a secure Web server.
All data obtained were downloaded from the secure Web server and analyzed using SPSS Version 17 (SPSS, an IBM Company, Chicago, Illinois). The data were coded and respondents were further separated by credentials to analyze various responses by area of practice. For the purposes of statistical analysis, the respondents were coded as DMS (abdominal, OB/GYN, and general sonography), Echo (cardiac sonography), Vascular (vascular sonography), or Multiple (those with more than one credential or identified practice area). Statistical analysis of the quantitative data included calculation of response frequencies and cross-tabulation with chi-square tests as was appropriate.
In addition to quantitative statistical analysis, anecdotal responses were captured and analyzed to provide more breadth and further qualify the responses on the survey. All free responses were extracted and analyzed by the principal investigator (PI) and the data technician to establish reliable qualitative categories, which were then coded and verified by the blinded co-investigator (co-I) to establish trustworthiness. These responses were combined with the quantitative data to provide a deeper understanding of what the respondents believed was contributing to wrist-hand-finger discomfort.
Results
Of 5000 surveys sent, 2963 surveys were considered complete, providing a higher than expected response rate of 65%. 19 Respondents who indicated having discomfort in the wrist, hand, and/or fingers were segregated from the complete responses and were then coded by area of practice. Of those reporting discomfort in the hand/wrist/ finger, 15 respondents were removed from the data set because of a lack of credential reporting or having identified as being retired or students. The final subset of 1722 DMSs and VTs (59%) was the focus of further analysis. The size of responses was large enough to be considered a representative sample of the profession, adhering to a power analysis with a moderate effect size (0.5), based on an alpha of 0.05, and statistical power of 1.0. 20
Frequencies
The sample of those DMSs and VTs who reported having discomfort in their wrist, hand, and fingers was placed in categories based on their reported credentials (ARDMS and Cardiovascular Credentialing International [CCI]). Figure 1 details the subgroups represented in the sample: DMS 44.5%, Echo 20.5%, Vascular 10.3%, and Multiple 23.8%. In addition, a further breakdown was preformed to discover the most common credentials that were in the multiple category, with DMS + Vascular being the most prevalent, followed by DMS + Echo + Vascular and the smallest proportions of DMS + Echo and Echo + Vascular.
Analysis of descriptive variables did not demonstrate any notable difference between the various credential groups. Most respondents in all credentialed groups were either 40 to 49 years of age or >50 years of age. Similarly, across all groups, most of those with discomfort identified as having >21 years of experience (34%). See Table 1 for a further breakdown for each credential by age and years of experience. The sample was biased toward women (90%) less than 5′5″ in stature (56.2%) who were in full-time employment (79%). The average daily workload of the respondents was most commonly reported to be between 9 and 11 cases per day (33%) and taking 20 to 25 minutes to complete examinations on average (28%). Most of the respondents provided bedside examinations (61%), worked an eight-hour day (78%), and did not provide after-hours coverage (59%).
Respondents reporting wrist, hand, and finger pain had very similar descriptions of symptoms regardless of the area of practice or years of experience. The largest number of respondents indicated that discomfort was in the right side for both the wrist (40%) and the hand-fingers (47%), and the severity of discomfort was most frequently rated as moderate for both the wrist (40%) and handfingers (35.4%). All groupings based on practice area and years of experience tended to most frequently describe discomfort as aching (69.8%) that occurred intermittently (37.8%). The most frequent comorbidity was shoulder pain (75.4%).
Forty-three percent of all respondents believe that discomfort is occupationally related, but only 46% stated having reported the incident to an administrator, and only 26% made a formal report to occupational health regarding an injury. The majority of the group did not take time off because of this discomfort (62%). For those who did take time off, 49% left work for 1 to 3 days, with the respondents most frequently taking the time off as sick leave. Participants with wrist-handfinger discomfort were most frequently prescribed anti-inflammatory medications (76.4%) or physical/ occupational therapy (73.2%). In the most extreme case, 16% of individuals with wrist-hand-finger discomfort had changed jobs. Given the opportunity to rate the amount of aggravation due to equipment, positioning, and organization of the work, multiple concepts were highlighted. A large majority (65%) of respondents with wrist-hand-finger discomfort indicated that applying pressure while scanning a patient was very aggravating. Similarly, 55% of all respondents indicated that shoulder abduction was very aggravating. The largest percentage of respondents also indicated that discomfort was very aggravated by sustained (45%) and repetitive (40%) twisting of the neck and body. To a lesser extent, although still the largest percentage of respondents, performance of bedside examinations and the act of holding the transducer were both considered to cause aggravation in 30%.
Although DMSs and VTs are now very acclimated to using Picture Archival Computer Systems (PACS), of the 88% of respondents who used a PACS for maintaining their studies, 93% indicated that the workstation was not adjustable. The lack of an adjustable workstation was also noted to include a stationary monitor that could not be adjusted (68%) and a lack of adequate support for the wrist-hand-fingers through an adjustable keyboard tray (50%).
Cross-Tabulation
To gain further perspective on what specific workplace issues might contribute to wrist-hand-finger discomfort, a cross-tabulation of the survey data was completed to determine unique challenges faced by those in specific areas of sonographic practice. Cross-tabulation was completed for all questions by area of practice and years of experience. Chi-square inferential statistics were calculated as deemed appropriate.
Demographic information was relatively stable across all areas of practice, with both age and years of experience skewed to the high end for all groups. The majority of all respondents within each area of practice indicated being >50 years of age (34.6%-37.4%) and having >21 years of experience (29.6%-38.6%; see Table 1 ). The average number of scans was relatively stable across all groups based on years of experience at 12 to 14 scans/d (χ 2 = 234.4, 15 df, P < .001). As would be expected, the average time per scan also differed based on practice area such that the highest frequency of respondents indicated examinations lasting 25 to 30 minutes in the Echo group (27.2%) and scans lasting 30 to 45 minutes for the Vascular group (25.7%), whereas the DMS and multiple practice groups indicated scans taking 20 to 25 minutes on average (see Table 2 ). The frequency of those respondents performing bedside examinations was significantly higher in the Echo group (72.2%) than in the other practice areas (56.1%-60.9%; χ 2 = 26.6, 3 df, P < .001). In addition, across all practice areas, those individuals with less than 10 years of experience tended to perform bedside examinations more frequently (69.4%-73.2%) than those with greater than 10 years of experience (56.4%-58.1%; χ 2 = 28.0, 5 df, P < .001).
Although the general description of discomfort as being moderate and intermittent was similar across all practice areas and sonographers with varying years of experience, some variations were noted in more specific descriptions of discomfort. Those sonographers in the Echo group had a significantly higher report of discomfort in the left side for the wrist (54.6%; χ 2 = 404.2, 6 df, P < .001) and hand-finger (52.1%; χ 2 = 342.4, 6 df, P < .001) than the other groups (4.9%-11.8%). All other practice groups indicated a higher prevalence of symptoms in the right side for the wrist (59.2%-76.9%) and hand-finger (55.3%-74.0%; see Table 3 ). Evaluation of symptom reports by years of experience indicated an increasing trend for "weakness" and "numbness" as experience increased, with the former increasing from 14.4% of the respondents with less years of experience to 30.6% in those with the most experience and the latter increasing from 26.3% to 35.4%. No significant differences were noted among the various groups for the incidence of discomfort, reporting, or overall treatment or response to discomfort; however, some differences were noted in medical diagnoses among the various practice areas and experience levels. As expected, those with the least amount of experience tended to have fewer medical diagnoses than those with more experience. Furthermore, those with less experience were more frequently diagnosed with neck problems than any other diagnosis, which differed for all other diagnoses. Although neck/back pain had the highest diagnosed frequency (22.4%), carpal tunnel syndrome was the only diagnosis that had a markedly increasing trend as years of experience increased, increasing from 0.0% to 14.9%. In addition, carpal tunnel syndrome was diagnosed more frequently in VTs than in the sonography groups.
All groups were in agreement with the levels of aggravation caused by various sources as asked in the survey. Application of pressure, sustained shoulder abduction, and repetitive/static twisting of the trunk and neck were all highlighted as the most aggravating by all areas of practice and levels of experience (see Figure 2 ). Aggravation specific to holding the transducer was noted to be rated higher by the DMS and Echo professionals versus those in the Vascular and multiple-credentialed groups. Separating responses by area of practice resulted in anticipated reports of symptoms being very aggravated due to venous reflex studies in the VT respondents (38%) and a similar increase due to endovaginal examinations by the DMS respondents (31%).
Qualitative Analysis
Respondents were given multiple opportunities to provide additional comments beyond the constraints of the selected response categories in the questionnaire. These statements were given because in many ways, the survey was too constraining, and this was a way to give voice to individual concern or to additional categories that were unintentionally missed. Frequencies and sample responses are provided to allow for a mixed method analysis of these data. The statements were extracted from the survey tool for more complete analysis; therefore, each statement provided may or may not be from any one individual respondent.
Respondents with wrist-hand-finger discomfort provided 185 additional statements to help better describe those things that contributed to, or aggravated, symptoms. Most of these statements were able to be grouped into three main categories: specific examinations, obese patients, and equipment. Statements related to specific examinations (n = 85) were further broken down into venous, endovaginal, and cardiac. Examples of the concerns about these examinations and how they related to discomfort in the wristhand-fingers include the following:
"The handle of the probe for endovaginal examination requires a tighter grip." "Venous reflux studies are the worst because of the ergonomics. Aorta-iliac duplex requires extended pressure and are second on my 'ouch' list." "I refuse to lift/assist patients. I will not do a study in a position that I know will aggravate my symptoms, i.e., sitting on the floor to do a venous reflux study." "For me, cardiac exams give me the most discomfort and pain."
After specific examination, the second largest grouping was statements related to obese patients (n = 43). These comments were anything related to working with overweight patients and the belief that the resulting modified examinations contribute to discomfort in the wrist-hand-finger area. Examples of these comments include the following:
"I work in an OB practice and the worst for me is that we have to scan a lot of obese third-trimester patients, which requires a lot of pushing and the weight of their abdomens on my hands." "Most portable exams are on obese, ventilated, and unresponsive patients, therefore we are technically limited and in constant suboptimal positions." "Echocardiography on obese women; raising the breast for apical scanning makes my scanning hand hurt."
The overarching theme identified in comments related to equipment (n = 21) was the inability to reach controls or using the transducer that required more gripping strength. These are samples from this category of response:
"Transducer size and shape is aggravating because a smaller grip area is hard for me and that is because I have longer fingers, I feel the pain in my thumb muscle." "I feel that linear probes may actually be more of a contributing factor in my case. My arm is more aggravated during the completion of vascular studies as well." "Performing 4D exams with very heavy, large transducers aggravates the pain in my hand and wrist." "Touch panel for annotation is helpful to shorten exam time but placement of it on the console is not ergonomically designed."
Although a much smaller representation, 10 statements were provided about the need to move furniture in a patient's hospital room as a source for aggravating symptoms:
"I spend a great deal of time moving beds, bedside tables, heavy sleeper chairs, trash cans, etc., to position the equipment and each of these must be returned to their original position after the sonographic examination is completed."
Many respondents indicated numerous additional treatments beyond those categories listed in the original questionnaire. Other treatments or interventions reported by these respondents include injections such as steroids (n = 63), chiropractic treatment (n = 59), braces/splints (n = 46), and a plethora of therapeutic modalities, such as sonography (n = 38). In addition, numerous participants noted the use of multiple interventions that crossed all of these categories. Of the categories that were included in the original survey, only 63 individuals with wrist-handfinger pain indicated interventions with acupuncture, which is the same as those who added injections to the comments section. Therefore, these additional categories may be grossly underrepresented and have a much higher incidence in the total sample had they been included in the original survey. The final category of interest in the additional comments that was analyzed were those provided in regard to any instruction that might have been provided to them in ways to modify their work environment or ways to modify the examinations to make workplace injury less prevalent. The two most frequent coding categories were "no training" (n = 20) and "limited training" (n = 20). A sample of what was provided by the participants is the following:
"As a contract sonographer you learn to take care of yourself and just do the work!" "Our manager said she does not want to hear anything more about ergonomics!" "I figure most things out on my own." "I wish an ergonomic consultant could be a requirement for every new employee or be a sales feature for new equipment purchases." "As a locum, I am pretty much on my own to figure out what will work best in each situation, some being better than others." "We got all of 5 minutes. I never felt enough emphasis was put on demonstrating the correct postures and ensuring that the staff was fully knowledgeable."
Discussion
Drilling further through the original representative data set allowed the research team to obtain specific information for those participants performing a variety of sonographic applications as well as some of the uniqueness of certain patient examinations. The impact these factors have on the development of hand-wrist-finger discomfort remains an illusive connection to workplace exposure. Schoenfeld et al. 21 surveyed a convenience sample of obstetrical sonographers to find that 4.5% had been diagnosed with carpal tunnel syndrome and 2.3% were told they had carpal instability based on nerve conduction studies. The researchers tried to establish a correlation between the degree of grip strength and carpal tunnel symptoms. They believed that their small study (n = 44) indicated a linkage between high grip pressure with carpal tunnel syndrome but found no association between carpal tunnel syndrome in their convenience sample of sonographers and age or years of scanning. 21 Given the design flaws of the Schoenfeld et al. 21 study, it was not possible to make that connection; however, this study with 39 times more respondents, who were randomly selected, makes a much stronger statement about hand-wrist-finger discomfort. These DMSs and VTs with hand-wrist-finger discomfort demonstrated that a statistically strong correlation exists between severity of discomfort in the wrist and hand-finger with increased years of scanning. Although this is the first study to be able to rigorously make that connection, it remains difficult to specifically link workplace activities to injuries because of leisure activities and other individual factors that could be contributory.
Grip on the transducer was correlated with carpal tunnel symptoms in the Vanderpool et al. 3 study of cardiac sonographers. The Vanderpool study used a small group of randomly selected respondents (n = 101) to show a strong statistical correlation between high grip strength and symptoms (P < .01). 3 In this study, 356 cardiaccredentialed sonographers indicated having wrist-handfinger discomfort, with the majority on the left side. Because these sonographers typically used their left hand to complete the examination, this would seem to confirm that a debilitating set of conditions exists for these sonographers, and an intervention is needed to prevent a more severe injury. Christenssen 22 advocated for a series of stretching exercises to prevent these types of injuries and discomforts that could be associated with conducting a sonogram. Unfortunately, this study provided only 4 experimental participants and 7 controls, yielding a low level of evidence for this type of workplace intervention, but a more expanded study with a larger of group of participants could prove to be beneficial.
Besides providing a representative sample across the different disciplines of sonography, this study confirms that a substantial number of sonographers are suffering with wrist-hand-finger discomfort and believe it to be work related (60%). More research is needed to determine the specific work and nonwork factors that contribute to these acute injuries so that the condition is not further exacerbated, which could lead to carpal tunnel syndrome. This study points to several workplace issues that could be contributory such as bedside examinations and sustained and repetitive twisting of the body. In a study of vascular technologists conducting bedside examinations, it was calculated that 17.7 minutes were added to a study because it was done portably. 23 This is likely a conservative estimate based on both high and low time allocations for the variety of examinations performed by vascular technologists. A bedside examination encompasses more than the examination as the equipment must be moved and the furniture in the patient room arranged so that the test can be conducted. This is only one example of the many additional factors that can be contributing to WRMSDs by increasing the examination time and causing potential injury in working in spaces not conducive to proper ergonomics. Patel et al. 23 advocated for disruptive technology such as laptop sonographic equipment and more powerful tools to minimize the examination time and potential injury for sonographers. The current study would suggest that a disruption of the sonography workplace is urgently needed, which may extend beyond just the equipment. The qualitative voices that were provided through the extended responses in this survey articulate that transducers and specific examinations are contributing to their individual pain. The qualitative statement made about moving furniture in patients' rooms was a rich description of the points made by Patel et al. In addition, the thick description provided by the OB sonographer who talked about the weight of the obese patient's abdomen on her hands is a testimony that compares with the cohort data provided by Schoenfeld et al. 21 These comments underscore a multifaceted issue that needs to be solved to keep us from losing the next generation of sonographers from the profession.
Older sonographers with more experience are likely suffering with injuries, as indicated by the increasing trends in the data. Less experienced sonographers need to be protected, and a disruption is needed in the reporting structure for discomforts in the wrist-hand-finger no matter what the worker's credential or length of time on the job. The respondents indicated that few were getting education about proper ergonomics and work strategies. Wihlidal et al. 5 reported that of their DMS respondents (n = 96), 71% received ergonomic training on the job, and the education came primarily (60%) from a physical therapist. The current study participants did not have that experience, indicating another trend that needs to be disrupted.
Limitations and Recommendations for Further Research
This study, although considered a representative sample of DMSs and VTs suffering with hand-wrist-finger discomfort, should be qualified by the nature of the data being self-reported. It also has some limitations due to the challenges of the sample being recruited through a blending of a vendor list and a random sample. Although this study of these DMSs and VTs indicated several significant factors that could be causing wrist-hand-finger discomfort, their out-of-work activities were not gauged. Until workplace activities can be isolated and the impact gauged on the carpal area of the worker, this remains a topic of debate. Further research is needed to isolate grip and the pinch strength of an activity, so that these measures can be correlated with the development of carpal tunnel syndrome and hand-wrist-finger discomfort. A randomized controlled trial study that isolates these factors would be the proper direction to further the body of evidence concerning WRMSDs among sonographers and vascular technologists.
